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A B S T R A C T
Purpose: To determine the yield of emergent neuroimaging among children with new-onset seizures
presenting with status epilepticus.
Method: We performed a cross-sectional study of children seen at a single ED between 1995 and 2012
with new-onset seizure presenting with status epilepticus. We deﬁned status epilepticus as a single
seizure or multiple seizures without regaining consciousness lasting 30 min or longer. Our primary
outcome was urgent or emergent intracranial pathology identiﬁed on neuroimaging. We categorized
neuroimaging results as emergent if they would have changed acute management as assessed by a
blinded neuroradiologist and neurologist. To ensure abnormalities were not missed, we review
neuroimaging results for 30 days following the initial episode of SE.
Results: We included 177 children presenting with new-onset seizure with status epilepticus, of whom
170 (96%) had neuroimaging performed. Abnormal ﬁndings were identiﬁed on neuroimaging in 64/177
(36%, 95% conﬁdence interval 29–43%) children with 15 (8.5%, 95% conﬁdence interval 5.2–14%) children
having urgent or emergent pathology. Four (27%) of the 15 children with urgent or emergent ﬁndings
had a normal non-contrast computed tomography scan and a subsequently abnormal magnetic
resonance image. Longer seizure duration and older age were associated with urgent or emergent
intracranial pathology.
Conclusion: A substantial minority of children with new-onset seizures presenting with status
epilepticus have urgent or emergent intracranial pathology identiﬁed on neuroimaging. Clinicians
should strongly consider emergent neuroimaging in these children. Magnetic resonance imaging is the
preferred imaging modality when available and safe.
 2016 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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Status epilepticus is one of the most common neurologic
emergencies in childhood [1–4]. The primary goals of emergency
care are to abate seizure activity and to identify potentially life-
threatening or reversible etiologies of the seizure [5]. However, the
role for emergent neuroimaging in this evaluation remains
controversial.
Evidence around whether to obtain emergent neuroimaging in
children with a new-onset seizure presenting with status
epilepticus is limited [6]. Previous pediatric series have reported
overall neuroimaging abnormalities in 34–49% [6–9] of children
with status epilepticus, although many of these radiologic ﬁndings
did not require urgent or emergent intervention. The Americanserved.
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cient evidence to support or refute recommending routine
neuroimaging [10]. Conversely, the International League Against
Epilepsy (ILAE) recommends new-onset seizures/epilepsy with a
medical emergency such as status epilepticus always merit
emergency imaging [10–12].
To further explore the role for neuroimaging, we sought to
determine the yield of emergent neuroimaging among children
presenting to a pediatric emergency department (ED) with new-
onset seizures presenting as status epilepticus.
2. Materials and methods
2.1. Study design and setting
We performed a retrospective cohort study of children age 3
month to 18 years who presented to the ED of a single large urban
pediatric tertiary care center between October 1995 and Septem-
ber 2012. The study was approved by the Institutional Review
Board with a waiver of informed consent.
2.2. Case identiﬁcation
We performed case identiﬁcation in two phases. First, we
created a computer-assisted key word screening tool using
regular-expression matching to search the electronic medical
record and identify potentially eligible ED encounters [13,14]. This
technique provides a more comprehensive and inclusive search
than key word searching by including misspelled and mistyped
variations. Second, we reﬁned the output of the search tool by
manual medical record review.
2.3. Study population
We included children with no prior history of seizure and
those with only a history of febrile seizure presenting with
status epilepticus. Status epilepticus was deﬁned in one of the
following three ways: (1) a single convulsive seizure lasting
30 min, (2) multiple seizures with a cumulative duration
30 min without a return to neurologic baseline, or (3) a
physician diagnosis of status epilepticus (only if neither of the
preceding criteria were met and the seizure duration was not
speciﬁcally documented as <30 min) [15–18]. We excluded
children with: documented head trauma in the preceding seven
days, neurosurgery within 30 days, known central nervous
system tumor, presence of a ventricular shunt, or known toxic
ingestion.Table 1
International league against epilepsy classiﬁcation of neuroimaging results.
Abnormality Deﬁnition 
(1) Non-speciﬁc Lesions not requiring immediate intervention that may
responsible for seizure
(2) Static-remote Non-progressive lesions of the central nervous system t
occurred remotely in time
(3) Focal Focal lesions responsible for seizure but not requiring
immediate intervention
(4) Sub-acute
or chronica
Process responsible for seizure that does not require
immediate intervention but has important therapeutic
or prognostic implications
(5) Emergenta Acute process requiring immediate, urgent intervention
a Referred to in our manuscript as urgent or emergent intra-cranial pathology.2.4. Data collection and study deﬁnitions
We reviewed the complete medical records of all study
patients. A document hierarchy was created for the purpose of
increasing consistency. We abstracted data in a hierarchal fashion
as follows: (1) ED note, (2) neurology consultation note, (3)
admission note, (4) discharge summary, and (5) daily progress
notes. We utilized documents lower in the hierarchy only to
identify data elements that were missing from records given
higher priority in the hierarchy. When attending and trainee
medical records differed, we abstracted data from the attending
documentation.
We collected the following factors: patient demographics, date
of visit, duration of symptoms and clinical features, patient
management including neuroimaging obtained and disposition.
For the purpose of this study, we deﬁned focality to a seizure as
unilateral eye deviation, head tilt, or focal motor activity [17]. We
deﬁned febrile status epilepticus as status epilepticus with
documented fever greater than or equal to 38.0 8C obtained at
home or by a medical provider [10]. We reviewed all available
records to obtain available long term clinical follow-up. We
included all cranial computed tomography (CT) and magnetic
resonance imaging (MRI) imaging studies performed within 30
days of initial ED evaluation for status epilepticus. Because some
children are too unstable to undergo imaging in the Emergency
Department, we deﬁned emergent neuroimaging as neuroimaging
performed during the initial hospital visit. We included imaging 30
days after the index visit as well to identify any cases of urgent or
emergent pathology that may have been missed had neuroimaging
not been performed emergently.
2.5. Outcome measures
Our primary outcome was urgent or emergent intracranial
pathology identiﬁed on neuroimaging (CT or MRI), which we
deﬁned as ﬁndings requiring emergent or urgent changes in
patient management. In 2009, the ILAE deﬁned 5 categories for
neuroimaging abnormalities in recent onset epilepsy (Table 1)
[11]. We utilized this classiﬁcation scheme to categorize neuro-
imaging results. We classiﬁed categories 4 and 5 as urgent or
emergent intracranial pathology as they were conditions that
would change management beyond seizure control. Importantly,
sinusitis was not considered a clinically signiﬁcant abnormality.
A single study neuroradiologist (SBP), blinded to the clinical
history, reviewed the neuroimages, interpreted each study and
classiﬁed the results according to the ILAE system. In ambiguous
cases, an ED physician (AAK), a pediatric neurologist (TL) and a
neuroradiologist (SBP) came to a consensus classiﬁcation.Examples
 be Periventricular leukomalacia, generalized cerebral atrophy
hat Porencephaly, other malformations of cortical development
Focal cortical dysplasia, mesial temporal sclerosis
Brain tumor or mass, adrenoleukodystrophy
a Ischemic stroke, cerebral hemorrhage, hydrocephalus,
encephalitis, meningitis, metabolic cytopathy,
cerebral edema, acute cerebral herniation, cerebral abscess,
skull fracture with intracranial hemorrhage, new hypoxic injury
Fig. 1. Patient recruitment algorithm.
Table 2
Characteristics of 177 children included in the primary analysis.
Characteristic, n (%) Urgent or
emergent
intracranial
pathology
(N = 15)
No urgent
or emergent
intracranial
pathology
(N = 162)
p
Demographics
Male 9 (60%) 97 (60%) 0.99
Age in years, median (IQR)* 9.1 (1.6–14) 2.1 (1.2–4.7) 0.023
Transferred 8 (53%) 78 (48%) 0.70
History
History of simple febrile
seizure(s)
1 (6.7%) 31 (19%) 0.23
Focality (localization) 11 (73%) 90 (56%) 0.18
Seizing on arrival 10 (67%) 84 (52%) 0.27
Seizure typea
Single seizure 7 (50%) 96 (60%) 0.48
Multiple seizures without
return to baseline
7 (50%) 65 (40%)
Seizure duration in minutes,
median (IQR)b,*
45 (35–60) 68 (45–221) 0.008
Physical exam
Temperature 38 8C 9 (60%) 103 (64%) 0.78
Post-ictal deﬁcitsc 1/5 (20%) 6/126 (4.8%) 0.24
Management
Medication management
None 0 (0%) 6 (3.7) 0.36
Benzodiazepines only 1 (6.7%) 34 (21%)
Benzodiazepines + Phenytoin 8 (53%) 86 (53%)
Benzodiazepines + Phenobarbital 2 (13%) 16 (10%)
Benzodiazepines +
Phenytoin + Phenobarbital
3 (20%) 18 (11%)
Other 1 (6.7%) 2 (1.2%)
Intubated* 10 (67%) 65 (40%) 0.047
Outcomes
Admitted to ICU* 14 (93%) 79 (49%) 0.001
Died* 4 (27%) 1 (0.6%) <0.001
a Data available for 175/177 (99%) of patients.
b Data available for 99/177 (56%) of patients.
c Data available for 131/177 (74%) of patients.
* Signiﬁcant at p = 0.05.
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We utilized Bayesian credible intervals to calculate the
percentage (and conﬁdence intervals) for the rate of children
with neuroimaging abnormalities, including those that were
urgent or emergent. We compared patients with and without
intracranial pathology requiring acute intervention with Mann–
Whitney tests for continuous variables and x2 tests for categorical
variables. We utilized the Fisher Exact test when expected cell
counts were fewer than 5.
For our primary analysis we assumed that all children who did
not have neuroimaging performed did not have urgent or
emergent intracranial pathology. We then performed a sensitivity
analysis to determine the impact of varying the proportion of these
children who had urgent or emergent intracranial pathology.
All analyses were conducted using the Statistical Package for
the Social Sciences (IBM SPSS Statistic Version 21, IBM Inc.,
Chicago, IL).
3. Results
During the study period there were 801 ED visits for status
epilepticus accounting for less than 0.1% of all ED visits (Fig. 1).
Among the ED visits for status epilepticus, 586 (73% of visits)
were for children with a previous history of at least one afebrile
seizure. Thirty-eight children met additional exclusion criteria.
We included the remaining 177 ED visits from children with status
epilepticus of whom 145 (82%) had no history of previous seizure
and 32 (18%) had a prior simple febrile seizure(s). We describe the
clinical characteristics and management of the 177 study patients
in Table 2.
Neuroimaging was performed in 170 (96%) children. Of these,
98 (58%) had a non-contrast CT alone, 11 (6.5%) had an MRI alone
and 61 (36%) had both CT and MRI. Among children with
neuroimaging performed, 164 (96.5%) had their imaging per-
formed during their index hospital visit with 159 (97%) receiving
imaging in the ED and 5 (3%) during their index hospitalization. Of
the 159 children with neuroimaging performed in the ED, 157
Fig. 2. Classiﬁcation of neuroimaging ﬁndings.
Table 3
Summary of children with urgent or emergent intracranial pathology.
Findings N Evident on
CT scan
Evident
on MRI
Case
Intra-cranial hemorrhage 3 3/3 2/2 11-y
head
11-y
prec
up: 
17-y
alte
hem
exam
Cerebral edema with
hypoxic injury
2 2/2 1/1 3-ye
Diag
duri
7-m
afte
hosp
Leig
ADEM 2 0/2 2/2 14-y
cong
year
4-ye
pain
Atte
Cerebellar edema 2 2/2 2/2 4-m
pne
hosp
23-m
epil
Atte
Meningoencephalitis 1 0/1 1/1 14-y
men
seiz
Sinus venous thrombosis
with venous stroke,
meningitis, cerebritis
1 1/1 1/1 14-y
ther
men
men
neu
Ischemic strokes 1 0/1 1/1 9-m
Diag
Encephalitis 1 1/1 1/1 9-ye
Diag
up: 
Intracranial abscess 1 1/1 1/1 10-y
hyp
men
but 
Intracranial cyst with mass effect 1 1/1 1/1 19-m
and
wor
follo
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(3.5%) children had imaging performed following discharge from
their index hospitalization and were included to assess for urgent
or emergent pathology that may have been missed during the
index hospitalization. Of the seven study patients who did not
have any neuroimaging performed, long-term clinical follow-up
was available for six. None of these children died, underwent
neurosurgery or were subsequently diagnosed with neuroimaging
ﬁndings requiring emergent or urgent intervention.
Of the 177 study patients, 64 children [36%, 95% conﬁdence
interval (CI) 29–43%] had abnormalities on neuroimaging (Fig. 2).
Fifty-four (84%) of these ﬁndings were new ﬁndings, and 10 (16%)
had been identiﬁed on previous neuroimaging. Urgent or emergent
intracranial pathology was identiﬁed in 15 (8.5%, 95% CI 5.2–14%).
All of these ﬁndings were new. We identiﬁed the following urgent
or emergent intracranial pathology on neuroimaging studies: 5
cases of vascular pathology, 4 cases of generalized cerebral edema,
2 cases of acute demyelinating encephalomyelitis (ADEM), 3 cases
of acute central nervous system infection and one case of an
intracranial lesion with mass effect (Table 3). Among these description, comments and follow up
ear-oldmale with history of febrile seizures with preceding sudden onset severe
ache. Diagnosis of left thalamic hemorrhage. Died during initial hospitalization.
ear-old male with history of febrile seizures and Tourette’s Syndrome with
eding sudden onset severe headache. Diagnosis of bleeding AVM. Three year follow-
Psychiatric illness and seizure disorder but normal neurologic examination.
ear-old female with history of bipolar with preceding progressive headache and
red mental status. Diagnosis of right temporal-occipital venous infarct with
orrhagic conversion. Two year follow-up: Seizure disorder but normal neurologic
ination.
ar-old male with no past medical history with recent diagnosis of otitis media.
nosis of cerebral edema with no identiﬁed etiology after extensive work-up. Died
ng initial hospitalization.
onth-old male with no past medical history with recent diagnosis of otitis media
r fever. Diagnosis of cerebral edema with diffuse axonal injury. Died during initial
italization. Autopsy with diffuse necrotizing encephalopathy and question of
h’s disease.
ear-old female with no past medical history with preceding fever, nasal
estion and lethargy. Diagnosis of acute demyelinating encephalomyelitis. One
 follow-up: Normal neurologic examination.
ar-old male with no past medical history with preceding fever, malaise and neck
. Diagnosis of acute demyelinating encephalomyelitis. Eight year follow-up:
ntion difﬁculties but no additional seizures and normal neurologic examination.
onth-old male with no past medical history with recent clinical diagnosis of
umonia. Diagnosis of pneumococcal meningitis. Died during initial
italization.
onth-old male with no past medical history with vomiting. Diagnosis: Status
epticus with edema resolved on subsequent MRI 24 h later. Eight year follow-up:
ntion and tic disorders but normal neurologic examination.
ear-old female on Bactrim for pertussis exposure with preceding fever and altered
tal status. Diagnosis of aseptic meningoencephalitis. One year follow-up: Continues
ure prophylaxis with no additional seizures, normal neurologic examination.
ear-old female with systemic lupus erythematosus on immunosuppressive
apy with fever, nasal congestion and sinus pain. Diagnosis pneumococcal
ingitis/cerebritis with sagittal sinus thrombosis and venous infarct. All but
ingeal enhancement seen on non-contrast CT scan. One year follow-up: Normal
rologic examination.
onth-old male with no past medical history and no preceding symptoms.
nosis: Multifocal infarcts. Ten year follow-up: Refractory epilepsy.
ar-old male on treatment for tuberculosis with preceding headache and fever.
nosis: Viral meningoencephalitis without identiﬁed organism. Ten year follow-
Seizure free with normal neurologic examination.
ear-old female with history of hypoplastic left heart with Fontan and
ogammaglobulinemia presenting with headache, gait abnormalities and altered
tal status. Diagnosis: Brain abscess. Two year follow-up: Some learning difﬁculty
normal neurologic examination.
onth-oldmale with no past medical history with febrile SE in setting of vomiting
 diarrhea. Etiology of seizure never identiﬁed. Cyst felt to be incidental ﬁnding after
k-up. Followed by neurosurgery with no plan for removal at this time. Four year
w-up: Mild hypotonia.
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discovered on follow-up MRI performed after a normal non-
contrast CT scan. These ﬁndings included the two cases of ADEM,
one case of meningoencephalitis and one case of multi-focal acute
ischemic strokes. All of the urgent or emergent intracranial
pathology seen on CT scan was also evident on the MRI images.
Both cases of ADEM were subsequently treated based on the
results of MRI. The child with meningoencephalitis subsequently
underwent lumbar puncture as a result of MRI and was started on
empiric treatment for HSV. The child with ischemic stroke
underwent further evaluation for hypercoagulability and was
put on prophylactic aspirin for life based on the results of MRI.
We compared clinical and demographic ﬁndings of patients
with and without intracranial pathology (Table 2). Children with
urgent or emergent intracranial pathology were older and had
longer duration of their seizures. Rates of emergent neuroimaging
ﬁndings did not differ between those children with febrile SE (8%)
vs. afebrile SE (9.2%, p = 0.79). The management of children with
urgent or emergent intracranial pathology also differed with
higher rates of intubation and ICU admission. In addition, we also
found a higher mortality rate among children with urgent or
emergent intracranial pathology.
We then performed a sensitivity analysis to determine the
impact of our primary assumption that the 7 children without
initial neuroimaging did not have urgent or emergent intracranial
pathology. If we assumed all of these children had urgent or
emergent intracranial pathology, the overall rate would increase to
22/177 (12.5%, 95% CI 8.4–18%).
4. Discussion
We identiﬁed a large cohort of children with new-onset
seizures presenting with status epilepticus. Of these children,
8.5% had urgent or emergent intracranial pathology identiﬁed on
neuroimaging. Among children with urgent or emergent ﬁndings
on neuroimaging over a quarter were missed on non-contrast CT
scan and not discovered until a subsequent MRI scan. We found
that older children and children with longer duration of seizures
may have higher rates of urgent or emergent pathology on
neuroimaging.
Data on the yield of neuroimaging in children with status
epilepticus is limited. In one review of neuroimaging data for
children with status epilepticus, structural lesions that would
likely be detected by neuroimaging were present in 7.8%, with 5.1%
corresponding to lesions we would classify as urgent or emergent
intracranial pathology. However, not all of these children
underwent neuroimaging. Actual neuroimaging data was only
available for 198 children (174 CT and 24 MRI) from six studies
with a mean of 49% abnormal (range 29–70%).[19–23] However,
these data were not limited to children with new-onset seizures in
status epilepticus. In a second study examining 144 children with
status epilepticus as a presentation of new-onset seizure, the
combination of CT and MRI identiﬁed an underlying reason for SE
in 30% of which 10% were described as ‘‘acute’’ abnormalities.[6] A
recent analysis found that 11% of children with new unprovoked
seizure had neuroimaging abnormalities but only 0.8% represent-
ing emergent ﬁndings. This study however only included 11% of
patients with seizure >15 min, and seizure duration >15 min was
associated with an increased incidence of abnormal neuroimaging
ﬁndings [24]. Our data add and expand to the previously reported
yield of neuroimaging; in this cohort of children with new-onset
seizure and status epilepticus we found of 36% of children with
abnormal neuroimaging of which 8.5% had pathology requiring
urgent or emergent interventions.
Practice guidelines regarding the need for emergent neuroim-
aging in status epilepticus are not conclusive. In 2006 the AmericanAcademy of Neurology published a practice parameter that was
endorsed by the American Academy of Pediatrics recommending
neuroimaging for the child with status epilepticus ‘‘if there are
clinical indications or if the etiology is unknown’’ [10]. Our study
inclusion criteria meet this deﬁnition by including only children
with no seizure history [or children with a history of simple febrile
seizure(s)] with new-onset seizure presenting as status epilepti-
cus. The 2009 ILAE guidelines call for neuroimaging for infants and
children with recent onset epilepsy. While these guidelines are for
children in whom acute asymptomatic etiologies for seizures have
been excluded, they recommend ‘‘new-onset seizures/epilepsy
presenting with evidence for a medical emergency such as
increased intracranial pressure or status epilepticus always merit
emergency imaging’’ [11].
Emergent neuroimaging may require moving an ill patient,
limit access to the patient if they were to deteriorate, possibly
expose that patient to the risks of ionizing radiation [25,26] and/or
sedation [27], and delay other management. Conversely, the
clinical assessment of these children is challenging as they are
post-ictal, sedated from anti-epileptic medications and frequently
intubated (45% in our study). Therefore, a signiﬁcant enough
proportion of children should have clinically urgent or emergent
ﬁndings to justify performing emergent imaging on a routine basis.
Our data support the recommendations of the ILAE for routine
emergent neuroimaging in status epilepticus with 12 studies
needing to be performed to diagnose one urgent or emergent case
of intracranial pathology. While older age and longer seizure
duration were associated with increased risk of urgent or emergent
ﬁndings on neuroimaging in our study, 4/11 children with these
ﬁndings were under age 2 years. Identifying a low-risk population
who might not need to undergo emergent neuroimaging would be
useful for providers. However, we were unable to identify such a
population. Because a signiﬁcant portion of patients with SE are
intubated, utilizing historical factors and physical examination
ﬁndings to identify a low-risk population is challenging. Further
studies are needed with larger numbers to identify children at
sufﬁciently low risk of urgent or emergent ﬁndings that
neuroimaging could be deferred to a later time.
Both the American Academy of Neurology and ILAE guidelines
call for MRI as the imaging modality of choice for ﬁrst time seizure
when safe and available [10,11,28]. In our study, 27% of children
with emergent neuroimaging ﬁndings were subsequently discov-
ered on MRI scan after a normal non-contrast CT scan. In addition,
all 15 emergent or urgent ﬁndings were identiﬁed by MRI. This
ﬁnding is consistent with data previously reported by Singh et al.
where 14/44 (32%) children with new-onset seizure presenting as
status epilepticus had a normal CT but abnormal MRI [6]. Non-
contrast head CT is the emergent neuroimaging modality of choice
at many institutions. Despite this preference, MRI offers higher
image quality and additional diagnostic information and should be
strongly considered in stabilized children [6,29,30]. However,
while none of the emergent abnormalities discovered on CT were
missed by MRI, we recognize children with SE are frequently
unstable and MRI may need to be deferred until clinical status has
improved. Because CT scans can detect abnormalities in which
earlier treatment may improve outcomes, CT can be a useful in
unstable children in whom MRI cannot safely be performed in a
reasonable time interval.
Our study has several limitations. First, our study was retrospec-
tive and not all data elements could be completely abstracted from
the medical record. However, our primary outcome was an objective
diagnostic radiologic study which was available for all patients
in which it was performed. Second, not all children included
underwent neuroimaging, and when neuroimaging was performed
it was at the discretion of the ordering provider. However, 96%
of children did undergo neuroimaging. Moreover, follow-up was
T.W. Lyons et al. / Seizure 35 (2016) 4–10 9available for 6/7 of those who did not, with none having sequela of
missed urgent or emergent intracranial pathology. We also
performed a sensitivity analysis to determine the impact that
children who did not undergo neuroimaging would have had on our
results had they all had urgent or emergent pathology. Third, there is
a potential for referral center and related selection bias, as 46% of
patients were transferred from another institution. However, the
rate of neuroimaging abnormalities between children transferred
and those who presented primarily to Boston Children’s Hospital
was equivalent. Finally, we chose a strict deﬁnition of status
epilepticus as seizure 30 min [10]. We chose this deﬁnition
because it is the deﬁnition utilized in the American Academy of
Neurology Practice Parameter, and endorsed by the Epilepsy
Foundation of America [10,15]. Newer deﬁnitions of status
epilepticus have included shorter seizure duration [31,32], which
may impact the yield of emergent neuroimaging.
5. Conclusions
A substantial minority of children with ﬁrst time seizure
presenting with status epilepticus have intracranial pathology
requiring urgent or emergent intervention. Clinicians evaluating
these children should strongly consider emergent neuroimaging,
with MRI as the preferred imaging modality when available
and safe.
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